ABSTRACT -A 13-week repeated oral dose toxicity study of grape skin extract (GSE) was performed using F344 rats. Four groups of animals, each consisting of ten males and ten females, were fed a diet containing 0%, 0.2%, 1.0% or 5.0% GSE for 13 weeks. Throughout the experiment, there were no treatment-related changes in clinical signs, body weight or mean food intake in any of the treated groups of either gender. Hematological studies and serum biochemical analyses revealed no treatment-related changes in all groups in both genders. In the glandular epithelial cells of the parotid glands, diffuse hypertrophy and basophilia was observed in all animals in both 5.0% groups. Hypertrophy of the parotid glands was not detected in the 0.2% or the 1.0% dose groups. In female kidneys, slight calcification in the renal proximal tubules of the cortex and medulla was observed in all groups including controls. This is a common spontaneous change in female rats, and the incidence was comparable between controls and treated groups. However, the number of tubules with calcification was higher in the 5.0% group based on a semimorphometric analysis. Based on the histopathology of the parotid glands and the minor change in the kidneys, the no observed adverse effect level (NOAEL) of GSE in the present study was a 1.0% treatment dose in both genders (males: 0.6 ± 0.2 g/kg body weight/day; females: 0.7 ± 0.1 g/kg body weight/day).
INTRODUCTION
Grape skin extract (GSE) has been used as a food additive for a food manufacturing agent and its major contents are polyphenols. GSE is extracted from pericarps of grapes such as Koshu, Chardonnay or Riesling at room temperature or lukewarm with ethanol.
There are several reports of the beneficial effects of GSE. GSE at 500 mg/kg body weight doses counteracted doxorubicin-induced hemodynamic disturbances, alleviated oxidative stress and increased superoxide dismutase in rats (Mokni et al., 2012) . The grape seed and skin extract also alleviated all the deleterious effects of a high fat diet such as ectopic deposition of cholesterol and phospholipid and brain lipotoxicity in rats (Charradi et al., 2012) . A purified anthocyanin extracted from red grape skin enhanced the total antioxidant capacity of rat serum under normal physiological conditions and during oxidative stress induction by carbon tetrachloride (Lionetto et al., 2011) . Thus, GSE appears to possess an anti-oxidative stress effect.
As for the genotoxicity of GSE, in vivo clastogenic activity of one GSE product was negative in a mouse bone marrow micronucleus assay when administered orally to mice at doses as high as 2,000 mg/kg (Erexson, 2003) . In a 3-month subchronic toxicity study of GSE using the same product used in the mouse bone marrow micronucleus assay, there were no treatment-related changes in any organs including the kidneys in rats fed a diet containing 2.5% GSE, and in the same study, the parotid gland was not evaluated histopathologically (Bentivegna and Whitney, 2002) . In this latter study, the no observed adverse effect level (NOAEL) was determined to be 2.5% (1.78 g/kg body weight/day for males and 2.15 g/kg body weight/day for females).
In a 90-day oral toxicity study of GSE in rats, dosedependent increases in hypertrophy of the parotid glands was observed in all treated groups (1.25, 2.5 and 5.0%) in both genders (unpublished data). In addition, calcification in the renal tubules of the cortex and medulla was observed in females in the 2.5% and 5.0% groups. The NOAEL for GSE was less than 1.25% in both sexes in this study.
Following the previous subchronic toxicity study of GSE, the present subchronic toxicity study was performed to confirm the reproducibility of parotid gland hypertrophy and calcification in the renal tubules and to determine the NOAEL for GSE.
MATERIALS AND METHODS

Chemicals
GSE (exGrape® Total PPR, GROUPE GRAP'SUD, France) was obtained from the Japan Food Additive Association (Tokyo, Japan). This product is a purple powder extracted from red grapes (Vitis vinifera). According to the manufacturer's information, the product contains total polyphenols (> 92% as catechin equivalent), oligomeric proanthocyanidins (OPC, > 15% as catechin equivalent) and anthocyanins (> 2%). GSE was well mixed with the powdered basal diet, CRF-1 (Oriental Yeast Co., Tokyo, Japan), at concentrations of 0, 0.2, 1.0 and 5.0%. These doses were based on the results of a four-week dose setting study previously performed. In the dose setting study, 0.2%, 1.0%, 2.5% and 5.0% GSE did not show any changes of body weight, food intake, organ weight, hematology and macroscopical observation in male and female rats (5 animals/group/sex), which results in the decision of highest dose at 5.0% and lower ones at 1.0% and 0.2% for the present study. To check the chemical stability of GSE in the prepared diet, resveratrol (total amount of trans and cis isomers) and anthocyanins in the 0 (basal diet), 0.2% and 5.0% GSE-mixed powdered diet were analyzed by high performance liquid chromatography and spectrophotometry (Japan Food Research Laboratories, Tama, Tokyo, Japan). Since the concentrations of resveratrol and anthocyanins did not show significant changes in any of the samples under any condition such as a twoweek preservation at room temperature, GSE in basal diet was judged to be chemically stable (data not shown). Following the results on the stability of GSE, fresh diets containing each dose of GSE were prepared at 2-week intervals.
Animals
Male and female F344/DuCrj rats at five weeks of age, purchased from Charles River Japan, Inc. (Kanagawa, Japan) were used in the present study. After a one-week acclimation period, healthy animals were maintained with pelleted basal diet CRF-1 and tap water ad libitum, housed three or four animals per polycarbonate cage with sterilized softwood chips as bedding in a barrier-sustained animal room conditioned at 23-25°C and 50-60% humidity, and on a 12-hr light/dark cycle during the experiment.
Experimental design
The present study was performed according to OECD Test Guideline 408 for 'Repeated dose 90-day oral toxicity study in rodents' except for the ophthalmological and urinary examination and functional observations during the feeding experiment (OECD, 1998) . Animals, weighing 122.3 ± 4.6 g for males and 90.3 ± 3.8 g for females (mean ± S.D.), were randomly divided into four groups, each consisting of ten males and ten females, housed three or four (males) or five (females) per cage and given 0 (control), 0.2, 1.0 or 5.0% GSE in basal powdered diet for 13 weeks. The test diet was available ad libitum, except for one-night fasting prior to scheduled sacrifice. The animals were checked daily for clinical signs and mortality, and body weights were measured every week during the study period. The amounts of supplied and residual diet were weighed weekly in order to calculate the average daily consumption in each week, and then the overall mean daily GSE intake throughout the treatment period was calculated from the determined weekly food consumption. At the end of week 13, all animals fasted for 17 hr and were then anesthetized with isoflurane, weighed and blood samples were collected from the abdominal aorta for hematology and serum biochemistry. Animals were then killed by exsanguination from the abdominal aorta. The animal study protocol was reviewed and approved by the Animal Care and Use Committee of the National Institute of Health Sciences, Japan.
Hematology and serum biochemistry
Hematological examination was performed using a K-4500 automatic hematology analyzer (Sysmex Corp., Kobe, Japan). Aliquots of whole blood samples were mixed with a four-fold volume of the supplier's buffer containing 0.5% ethylenediamine tetraacetic acid (EDTA)·2K and applied to the analyzer for the following parameters: red blood cell (RBC) count, hemoglobin (Hb) concentration, hematocrit (Ht), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet (Plt) count and white blood cell (WBC) count. For measurement of differential leukocyte and reticulocyte counts, aliquots of whole blood samples were mixed with 1/4 volume of 5.0% EDTA·2K solution, and analyzed with a Microx HEG-120A (Omron Tateishi Electronics Co., Ltd., Tokyo, Japan). Serum biochemistry was analyzed at SRL, Inc. (Tokyo, Japan) using sera frozen after centrifugation of whole blood (× 1,000 g, ten min). The following parameters were determined: total protein (TP), albumin (Alb), the Alb:globulin ratio (A/G), conjugated bilirubin (conjugated Bil), free Bil, triglyceride (TG), total cho-lesterol (TC), blood urea nitrogen (BUN), creatinine (CRN), sodium (Na), chloride (Cl), potassium (K), calcium (Ca), inorganic phosphate (IP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP).
Histopathological assessment
After necropsy, the brain, heart, lungs, thymus, spleen, liver, kidneys, adrenal glands and testes or ovaries were removed and weighed, and relative weights of these organs were calculated. In addition, the pituitary, nasal cavity, eyes, Harderian glands, spinal cord (cervical, thoracic, and lumbar portions together with corresponding vertebral bones), salivary glands (parotid, submandibular and sublingual), stomach, small intestine (duodenum, jejunum, and ileum), large intestine (cecum, colon, and rectum), pancreas, urinary bladder, skin, mammary glands, mesenteric lymph nodes, trachea, esophagus, thyroid glands, tongue, aorta, thigh muscle, sternum, femur, sciatic and trigeminal nerves, epididymides, seminal vesicles, prostate (ventral and dorso-lateral lobes), uterus and vagina were also removed. All organs/tissues were fixed in 10% buffered formalin for three days. Tissues that needed decalcification, such as the nasal cavity, spinal cord with bones, sternum, and femur, were treated with a mixture of 10% formic acid and 10% buffered formalin for up to three weeks. Tissue slices of all organs/tissues were routinely processed for paraffin embedding and sections were prepared and stained with hematoxylin and eosin. Histopathological assessment was first performed on all tissues of the control and highest dose group animals, except kidneys and parotid glands where a chemical treatment-related change appeared at the highest dose. To examine the significance of the changes observed in the parotid glands and kidneys, bilateral parotid glands and female kidneys in all groups were evaluated histopathologically. In the semi-morphometric analysis of calcification in the female kidneys, the number of tubules with calcification in a coronal section of a left kidney and a cross section of a right one in one animal were counted, and in case that more than 15 affected tubules were observed, the calcification of the animal was judged to be mild, severer than minimal.
Statistics
Variance in data for body weights, hematology, serum biochemistry, and organ weights (both absolute and relative weights) was checked for homogeneity by Bartlett's procedure. If the variance was homogeneous, the data were assessed by one-way analysis of variance. If not, the Kruskal-Wallis test was applied. When statistically significant differences were indicated, the Dunnett's multiple test was employed for comparison between the control and treatment groups. With histopathological changes, incidences were compared using the Fisher's exact probability test and severity was analyzed with the MannWhitney's U-test. Statistically significant differences (compared with the controls) yielding p-values that were less than 0.05 or 0.01 were indicated as * or **, respectively.
RESULTS
During the experiment, the hair around the mouth, forefeet and the body parts contacted with the GSE containing powdered food turned black or purple, which is the original color of GSE, in the treated animals. The extent of the staining increased in a dose-dependent fashion. The feces colored black in 5.0% groups of both gender. Other treatment-related clinical signs were not observed and all animals survived to the end of the experiment.
Weekly mean body weight is shown in Fig. 1 . There were no significant changes in body weight during the experiment among the groups, male and female alike. Weekly mean food consumption is shown in Fig. 2 . In the male 5.0% group, food intake at weeks two, three, four and 13 increased significantly, compared with controls. In the other male groups and all female groups, there were no significant changes in mean food intake compared with controls. Mean daily intake and total intake of GSE are shown in Table 1 . Increased intake of GSE compared with common ratio of GSE doses in the male 1.0% and 5.0% groups and the female 5.0% group was observed, which was accompanied by an increased mean daily food intake in the corresponding groups.
Final body and organ weights are shown in Tables 2  and 3 . As for final body and absolute organ weights, there were no significant differences between controls and treated groups in both genders. As for relative organ weights, brains in the 5.0% groups of both sexes and hearts and testes in the male 5.0% group increased significantly, compared with controls. The relative weights of other organs did not show significant changes in any of the treated groups for either gender.
The results of hematological studies are shown in Table 4 . One animal in the female 0.2% group and two in the 1.0% group were excluded due to insufficient blood sample volumes for hematological analysis. MCV in the 5.0% group of males increased significantly, compared with controls, but the increase was very slight. With regard to other hematological parameters, no significant changes were observed in any of the treated groups of Vol. 38 No. 4 either gender compared with controls.
The results of serum biochemistry are shown in Table 5 . In the 5.0% group, total bilirubin significantly increased in males but decreased in females. Significant decreases of TG were observed in both genders in the 5.0% groups. In males, Cl in the 0.2% and 5.0% groups increased significantly without dose-dependency. There were no significant changes in other parameters in any of the treated groups in either gender.
Macroscopically, enlargement of the parotid glands was observed in all animals and both genders of the 5.0% groups (Figs. 3a and b) . In other groups, only one male in the 1.0% group had a unilateral enlarged parotid grand and its grade was milder than the one in 5.0% group. In other organs, there were no significant changes in any treated group of either gender. Microscopic findings of the parotid glands are shown in Table 6 . In both 5.0% groups, severe hypertrophy and basophilia were diffusely observed in the glandular epithelial cells of parotid glands in all animals (Figs. 3c and 2.14 ± 0.08 2.19 ± 0.07 2.19 ± 0.09 2.14 ± 0.07 Adrenals (mg/100g BW) 23.6 ± 2.1 24.4 ± 2.2 21.4 ± 3.3 25.0 ± 1.9 Kidneys (g/100 g BW) 0.63 ± 0.02 0.62 ± 0.03 0.62 ± 0.02 0.65 ± 0.04 Ovaries (mg/100g BW) 28.5 ± 2.6 27.2 ± 2.3 29.0 ± 3.0 28.9 ± 2.6 a : Mean ± S.D. *, **: Significantly different from controls at p < 0.05 and p < 0.01, respectively. 1.3 ± 0.6 1.7 ± 0.9 0.9 ± 0. 1.1 ± 0.9 1.0 ± 0.6 1.0 ± 0.8 1.2 ± 0.8 Segmented neutrophils (%) 25.4 ± 7.6 30.5 ± 5.5 26.0 ± 5.5 31.1 ± 4.7 Eosinophils (%)
1.0 ± 0.7 1.6 ± 1.4 1.7 ± 1.0 1.2 ± 0.6 Basophils (%) 0.3 ± 0.4 0.3 ± 0.4 0.6 ± 0.2 0.6 ± 0.5 Lymphocytes (%) 71.5 ± 8.6 66.2 ± 6.4 70.1 ± 5.7 65.4 ± 4.9 Monocytes (%) 0.8 ± 0.5 0.5 ± 0.4 0.6 ± 0.6 0.6 ± 0.6 Reticulocytes (/ 100 cells)
1.1 ± 0.6 1.9 ± 1.0 0.7 ± 0.9 1.6 ± 1.0 < 3 < 3 < 3 < 3 a Mean ± S.D. Abbreviations: TP, total protein; A/G, albumin: globulin ratio; Alb, albumin; Bil, bilirubin; TG, triglyceride; TC, total cholesterol; BUN, blood urea nitrogen; CRN, creatinine; Na, sodium; Cl, chloride; K, potassium; Ca, calcium; IP, inorganic phosphate; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; γ-GTP, gamma glutamyl transpeptidase. *: Significantly different from controls at p < 0.05 (Dunnett's test or Dunnett type rank-sum test). d). In male 1.0% group, although one animal had unilateral parotid enlargement macroscopically, there were no corresponding histopathological changes including diffuse hypertrophy and basophilia like in 5.0% group in the animal. In other male and female groups (including controls), a few glandular epithelia were basophilic but these glands did not show hypertrophy. As for other findings in the parotid glands, diffuse vacuolation of the glandular epithelia was observed in all animals of the control, 0.2% and 1.0% groups of both genders. Apoptosis in some glandular epithelia was also observed in all animals, in both control and treated groups. In addition, minimal mononuclear cell infiltration was focally observed in all males and some females in all groups (including controls), and no significant differences in the grades of these lesions were observed. In the submandibular and sublingual glands, there were no histopathological findings such as hypertrophy and basophilia in all groups including the control.
Microscopic findings in other organs are shown in Table 7 . The frequencies of the findings were not significantly different between controls and 5.0% groups in both genders. The kidneys in female 0.2% and 1.0% groups were also examined because minimal to mild calcification in the proximal tubules of the kidneys was observed in females of the control and 5.0% groups. The calcification in the proximal tubules of the cortex or medulla in bilateral kidneys was minimal in all animals of control, 0.2% and 1.0% groups. However, in the 5.0% group, half of the animals showed higher grade (mild) changes.
DISCUSSION
In the present study, there were no statistically significant treatment-related changes in clinical signs, body weight or food consumption during the experiment. In male 5.0% group, decreased tendency of body weight and increase of food intake were observed and the decrease of body weight did not affect other parameters. Therefore, it is indicated that the decrease of body weight in male 5.0% group is not a toxicological effect of GSE but caused by increase of nutritional requirement due to the extremely high concentration of GSE in food. With regard to relative organ weights, the brains in both 5.0% groups and Table 6 . Histopathological findings in the glandular epithelium of the parotid glands in F344 rats treated with GSE for 13 weeks. Vol. 38 No. 4 Fig. 3 . Tissue sections and histopathological findings of the parotid gland in male F344 rats treated with GSE for 13 weeks. a) and b): representative tissue sections of the salivary glands for male control and 5.0% GSE groups, respectively. Note enlarged and basophilic parotid glands were observed in the 5.0% group. s, submandibular and subligual glands; L, lymph nodes. c) and d): histopathology in the parotid glands for male control and 5.0% GSE group, respectively. Severe hypertrophy and basophilization in the glandular epithelium was diffusely observed in the 5.0% group. Bars = 50 μm. the heart and testes in the male 5.0% group significantly increased, compared with controls. However, since there were no treatment-related histopathological findings in these organs, the increases of relative brain, heart and testes weights were not toxicologically significant. In the hematological analysis, MCV in the 5.0% group of males significantly increased, but the increase was very slight and other hematological parameters such as RBC and Ht did not change, indicating that the change in MCV was not treatment-related.
In the analysis of serum biochemistry, TG was decreased in all treated groups of both genders with or without significance. According to the manufacturer's data sheet, GSE used in the present study contains polyphenols. It was reported that polyphenols can decrease TG concentration in the blood of rats and guinea pigs by changing lipid metabolism in the liver (Aprikian et al., 2003; Zern et al., 2003; Nakamura and Tonogai, 2002) . Therefore, the decreased TG concentrations observed in the present study might not be a toxicological change but rather an effect due to polyphenols in GSE. In the 5.0% group, we also found that total bilirubin and Cl had changed. The changes were different between the genders, but there were no dose-dependency or toxicological changes in the biliary system, indicating that the changes were not toxicologically significant. In female 5.0% group, Alb significantly decreased without any changes in other paramaters including histopathology in the liver, indicating that the change of Alb is not a treatment-related change.
It was clearly shown here that treatment with 5% GSE induced severe hypertrophy and basophilia in the parotid glands. The same changes were observed in a previous subchronic study of GSE at doses above 1.25% (unpublished data). Thus, the results confirmed that the treatment caused parotid gland hypertrophy. However, in the animals of the 5.0% groups, there were no significant changes of the parotid glands except for hypertrophy. Parotid gland hypertrophy similar to the one observed in the present study was reported in mice orally treated with 5.0% tannic acid, known as a bitter component, for ten days (da Costa et al., 2008) . In the clinical observation, clear salivation could not be observed in the treated animals. However, the stained hair around the mouth might be related with slight increase of salivation by GSE treatment. Therefore, it remains a possibility that the hypertrophy of the parotid glands might have been an adaptive response against the bitter taste character of some polyphenols containing in GSE. Additional studies are needed to clarify the pathogenesis of this lesion induced by GSE. In male 1.0% group, the unilateral parotid enlargement without any histopathological change was observed in one animal. It is clear that the target of GSE is the parotid glands, but the change in the male 1.0% group was not qualitatively different from the one in 5.0% group. Therefore, the macroscopical finding of the parotid gland in the male 1.0% group might not be a treatment-related change but incidental or relative size difference from a contralateral parotid gland. In the parotid glands, focal basophilization of the glandular epithelial cells was also observed in control, 0.2% and 1.0% groups in both sexes. Chiu and Chen (1986) reported that basophilic hypertrophic foci of the parotid glands observed in both control and treated animals are spontaneous. Since focal basophilization in the parotid glands was found in both control and treated groups in the present study, it is suggested that the focal change is not treatment-related but spontaneous, similar to the previous report.
In female kidneys, minimal or mild calcification was observed in the proximal tubules in the cortex or medulla and the number of animals showing mild calcification was greatest in the 5.0% group. The same finding was also made in females of control and treated groups in the previous subchronic study of GSE and the grade increased in 2.5% and 5.0% groups (unpublished data). The calcification in the renal tubules is a naturally occurring and common finding in female rats (Montgomery and Seely, 1990) , and its pathogenesis remains undetermined. In the present study, since the grade of calcification increased and showed reproducibility, the change in female kidneys was likely GSE treatment-related. The mechanism of increased calcification by GSE is not clear and there was no obvious damage to the kidney as determined by serum biochemistry and other histopathology. These findings indicated that the calcification in the renal tubules induced by GSE might be a minor toxicological effect.
In conclusion, based on histopathological findings such as hypertrophy of the parotid glands and calcification in the tubules of female kidneys, the NOAEL of GSE in the present study was found to be 1.0% in both genders (males, 0.6 ± 0.2 g/kg BW/day, and females, 0.7 ± 0.1 g/kg BW/day).
